Vibrational spectroscopic imaging and multiphoton microscopy of spinal cord injury.
Spinal cord injury triggers a series of complex biochemical alterations of nervous tissue. Up to now, such cellular events could not be studied without conventional tissue staining. The development of optical, label-free imaging techniques could provide powerful monitoring tools with the potential to be applied in vivo. In this work, we assess the ability of vibrational spectroscopy to generate contrast at molecular level between normal and altered regions in a rat model of spinal cord injury. Using tissue sections, we demonstrate that Fourier transform infrared (FT-IR) spectroscopy and spontaneous Raman spectroscopy are able to identify the lesion, the surrounding scar, and unharmed normal tissue, delivering insight into the biochemical events induced by the injury and allowing mapping of tissue degeneration. The FT-IR and Raman spectroscopic imaging provides the basis for fast multimodal nonlinear optical microscopy (coherent anti-Stokes Raman scattering, endogenous two-photon fluorescence, and second harmonic generation). The latter proves to be a fast tool for imaging of the lesion on unstained tissue samples, based on the alteration in lipid content, extracellular matrix composition, and microglia/macrophages distribution pattern. The results establish these technologies in the field of regeneration in central nervous system, with the long-term goal to extend them to intravital use, where fast and nonharmful imaging is required.